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nacional; el efecto directo en los ingresos de los trabajadores que reciben cierto nivel 
de educación, el efecto externo en los ingresos de estos y el efecto en el capital físico 
debido al impacto que tienen los estudios sobre la productividad en estos factores 















the effect of schooling on national income has been one of the most controversial issues 
????????????????????????????????????????????????????????????????????????????????????
empirical studies have been carried out to ascertain the magnitude of the effect, and 
?????? ????????? ?????? ???????? ???? ??????? ??? ?????? ???? ????????????????? ????? ????????
indicated that additional schooling has a large, positive effect on national income, other 
???????????????????????????????????????????????
Why have the studies in the literature found such different effects? A consensus seems 
to be emerging that the studies that found small or negative effects suffered from a 
??????????????????????????????????? ??????????????????????? ?????????????????????????????
????????????????????????????????????????????? ???????????????????????????????? ?????
effect of schooling on national income is quite large, particularly in cross-sectional 
???????????????????????????????????????
This article explains the processes by which additional schooling appears to raise 
national income, including the external effects on the productivity of physical capital 
??????????????????????????????????????????????????????????????????? ??????????????????????




and discusses the implications of these estimates for public policy on investment in 
???????????
?????????????????????????????
The starting point for any economic analysis is the observation of economic activity 
????????????????????????????????? ?????????? ??????????????????????????????????????????
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widely-used mathematical model of national output using these factors in the literature 





one capital factor has a direct effect on national output and an indirect effect that occurs 








Although human capital can be created through informal training, in a modern economy 
??? ??? ??????????? ?????? ???????? ???? ??????? ??????????????????? ??? ???? ????????????? ?????
?????????????????????????????????????????????????????????????????????????????????????????





??? ????????? ??? ?????????? ??????? ????????? ??????? ???????? ?????? ?????????? ??????? ???
??????? ???? ????????? ?????? ????????? ???????????? ???????????? ?????????? ???? ??????????
????????????????????????? ????????????????????? ????????? ???? ?????????? ??????????????
??????????? ?????????????????????? ?????????? ???????????? ??????? ???? ???????? ?????? ???
???? ????????? ???????? ?????? ????????? ???????? ????? ???????????? ?????? ?????? ????????
?????????????????????????????????????????????????????????????????????????????????????







Model of National Production
?????????????????? ?????????? ??? ????? ?????????? ???????????????????????????????? ????????
through external1??????????????????? ?????????????????????? ????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????
???? ???????? ????????? ??????? ??? ?????????? ??? ?? ????????? ??????????? ????????? ??? ?????
??????????? ??? ???????? ?????????? ??????????? ?????????? ????????????????????????????
????????????????????????????????????????????????????????????? ?????????????????????????????????





???? ????????????????????????? ??? ??????????? ??????????????????????????????????????????
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???? ????? ????????? ?????????? ???????? ????????????????????? ??????? ??????????????? ????????
???????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????
????? ???????? ???? ??????? ?????????????????????????? ????????????? ????????????? ??????????
?????????????? ??? ??????? ????????????????????????? ?????????????? ??????? ???????????????
??????????? ????????????????????????? ?????????? ?????????????????????????????????????????




?? ???????? ??????? ????????????? ??????????????? ??????????????????? ???????? ??????
more productive in a manner not related to their own formal schooling 
?? ????????????????? ???????????????????????? ???????????????????????? ????????????
?? Educated parents may provide additional education to their children in the home 
????????????????????????? ?????????????????????????????????
?? More educated citizens may adopt more hygienic or other public health practices 
???????????????????????????????????????????????????????????????????????????????????
???????????????????????
?? More educated citizens may demand more enlightened public policies from their 
political leaders, resulting in better infrastructure, less corruption, better institutions, 
??????????????????????????????????????????????????????













??? ??????? ?????? ???? ????????? ????? ??????? ???? ????????? ????? ?????? ???????? ???????
????????? ???????? ????????????? ??? ??????????????????????? ???? ??????? ????????? ?????????
???????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????? ??????????
???? ?????????????????????????????????????? ??? ???? ??????????? ????????? ????? ????????????????
???????? ????? ?? ????????? ??????? ??????????? ??? ??????? ???? ??????????? ?????? ????? ?????
???????????????????????????????????????????????????????????????????????????????????
??????? ???????? ??????????? ?????????? ?????????? ???? ???????? ??????? ??? ???? ?????????????
??????? ?????????????????????????????????????????? ??????? ?????????????????????????
???????????????????????????????????????????????????????????????????????????????????????
schooling, occurring simultaneously with the effects from schooling to national income, 
greatly complicates the problem of accurately estimating the magnitude of the effects of 
??????????????????????????????
Most economists now agree that schooling and national income are related conceptually 
???????????? ??????????????????????? ???????????????????????????? ????????????????????????
effects and the importance of other characteristics of an economy that may affect the 
?????????????????????????????? ???????????????????????????









In a Cobb-Douglas structure the exponent on a factor of production measures the 
marginal effect on income of increasing that factor of production, while holding the 
?????????????????????????????????????????????????????????partial????????????????????????
????????????????????????????????????????????????????????????????????????????????????
Importantly, this effect includes both the direct effect of schooling on the earnings of 
??????????????????????? the schooling and the external effects of schooling on national 
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???? ???????? ??? ????????? ??????? ???????? ??? ??????????? ????????? ???????? ??? ??????? ??????
if all the factors of production are increased by a common multiple, output increases 










?? ???????????? ????????????????????????? ????????????????????? ???????? ???????????????
???? ??????? ?????? ????? ??? ?? ????????? ??? ???? ???????? ?????? ???????? ???? ???????? ????
????????????????????????????????????????????????????????????????????????????????????
???????????????? ?????? A?????
?? Third, the log version of this model is a linear function that can be estimated 





??????????????????????????????? ???????????? ???????????????????????? ???????????????????







estimated in many different mathematical forms, including as a rate of growth in income 





Each study in the literature typically includes numerous estimates of the effect of 
??????????????? ??????????????????????????????????????????????????????????????????????????
????????????????????? ???????????????????? ???????????????????????????????????????????
??????????????? ????????????????? ??????????????? ????? ?????????????? ???????????????? ????
??????????????????????????????????????????????????????????????? ??????????????????????
??????? ????????????????????????????????????????? ?????????????????????????????? ????????
?????????????? ?? ????? ??? ?????????? ???????????? ???????? ?????????????????? ???????????
?????????????????? ?????????????????????????????????????????????????????????????????????
estimated in the literature and the calculated, implied values of ? and ???
????????????????????????????????????????????????????????????????????? ??????????????????











?????????????????????? ???????????????????????? ???????????????????????????????????? ????
??????????
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Estimates of ? in the Literature
Estimation of the in????? ???????????????????????????????????????????????????????????
???? ?????????? ?? ???? ??? ?????????????? ????? ???? ??????? ???? ???????? ????????? ????????
???? ???????? ?????? ???????? ???? ???????? ???? ?????? ???????????????? ?????????? ?????????
?????????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????
data on national income and investment in physical capital, adjusted for purchasing 




Unfortunately, the Penn World Table does not include data on schooling, so researchers 
????? ???? ??? ??????? ?????? ????? ??????????? ???????? ??????? ???? ????? ??????? ?????
?????????????????????????????????????????????????????????????? ???????????????????????
national rate of investment in schooling, but their results were criticized because their 
?????????????????????????????????????????? ???????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????














????????????????? ???????????????????????????????????????????????????? With this change in 
???????????????????????????????????????????????? ?????????????????????????????????????
attainment ceased to be an estimate of ???????????? ???????????????????????????????????
????????????????
 
???????? ???? ???????? ??????? ????? ?? ?????? ????????????? ??? ????? ??????????? ????? ?????
?????????????????????????????? ??????????????????????????????????????????????????????
?????????????????? ??? ???????????????????????????????????? ??????????????? ????????????
????????????????????????????????????????????????????????????????????????????????????????
to estimate most of their models, their estimates implicitly measured only the effect 
of changes in schooling within? ????????????????????????????????? Krueger and Lindahl 
?????????????????????????????????????????????????????????????????? ?????????????????
data overwhelms the small changes in the data, biasing the statistical estimates of the 
??????????????????????????????????????????????????????????????????????????????????????????
implied value of ?????????????????????????????????????????????????????????????????????
across countries in one year, but he obtained an implied value of ???? ??????????????





?? ?????????????????? ????????????????????????????????????????????????????????? ????????????????????????
???????????????????????????????????????????????????????????????????? ???????????????????????????????????????
??????????????????????????????????????????????????????? ????????????????????????????????????????????????????
in income and schooling from the regression results, and this cross-country variation is much larger and 
?????????????????????? ?????????????????????????????????????????????????????????????????????????????? ???
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Krueger an?? ???????? ??????? ????????? ?? ?????? ? ?????? ?????? ??? ?? ?? ????? ????? ?????
??????????????????????????????????????????????????????????????????? ??????????????? ??????
?????????????????????????????????????????????????????????????????????????????????????????????




and perhaps the problem of reverse causality, must be biasing the effect of schooling 
?????????????????????????????? ??????
??????? ???????? ?????? ???? ????? ???????? ??????? ???????? ???????? ???? ??????? ???????
subsequently estimated the effect of schooling on national income using four new 
???????????????????????????????????? ?????????????????????????????????????????????
on average schooling attainment that has less measurement error than the Barro and 
???? ??????? ?????? ??????? ??????? ??????????? ???????? ??????? ????? ????????? ????? ????
??????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????? ???????????????????????????????????????????????
???????? ?????? ???????? ???? ????????? ???????? ??? ???? ????????????? ??????? ???? ?????
???????????????????????????? ??????? ?????????? ??? ???????? ????????????????????????????
???? ????????????????????????????????????????????????????????????????????????????????
the earlier methodologies, and in some cases with the use of instruments for human 
??????????????????????????????????????????????? ??????????????????????????????????????
???????
Within this group of estimates, arguably the more accurate estimates are those in which 
???????? ?????????????????????????????????????? ??????????????????????????????????????
????????? ????????? ???????????????????????????????? ??????? ??? ????????? ???????? ??????????
capital are highly correlated, if the estimate of the effect of one form of capital in 













Estimates of ? and ? in the Literature






??????????????????????????????????????? ???? ????? ???????????????????????? ??????????????
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???? ????? ???? ???? studies us?? ?????????? ????????????? ?????? ???? ????? ???????
use a combination of lagged attainment and changes in lagged attainment as 
???????????? ??? ???????? ????? ????????? ??????? ???????? ??????? ????? ???? ???????????
????????????????????????????????????????????????????????????????????????????????????
???????????????????????????? ?????????????????????????? ??????????????????????????????????
???? ??????? ??????????? ????????? ????? ????? ????????? ?????? ???? ??? ?? ?????? ???????????
because it could affect national income directly have been addressed in a recent 
?????????????????????????????? ??????? The use of these instruments for human 
???????? ??? ???? ??????????????????????????????????????????? ???????? ?????????????????
are measuring the effect of human capital on national output rather than the reverse 
??????????????????????????????????????????????????????????????????????????? ????????
?? ???? ?? ???? ?? ????????? ??? ??????????? ???????? ???? ?????? ?????? ??? ?? ?????????????
superior methodology for the creation of the human capital and national income 
??????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????? ????????????????????????????????
during the period between the investment in education and the entry of the student 
????? ???? ????? ??????? ???? ????????? ??????? ????? ???????? ??? ???? ???? ??? ??????????
foregone earnings while they are in school, an element of national income that is 
???????????????????????????????????????????????????????????????????? ??????????????
the cross-country data, arguably the implied value of ??????????????????????????????
???????????????????????? ???????????????????????????????????????????????????????????????
???????????????????
The empirical results in the latest cross-country studies indicate that if a nation wishes 
??? ?????????????????? ?????????????????? ???? ???? ????????????????????????????????????
????????? ??? ??? ????????? ???? ??????????? ????????????????????????? ???? ? ?????????????? ????
Cobb-Douglas production function is that the return on investment in any factor of 





A Cobb-Douglas production function has a very simple formula to estimate the marginal 






the other factors of production constant: 
???? ??????????????????????????????????
????? ??????????? ?????? ????????? ?????? ???? ???? ?????????? ???? ????????? ??????? ??? ????
nation from incremental investment in schooling, and it includes both the direct and the 
???????????????????????????????????????????????????????????????????????? ?????????, national 
????????????????????????????????????????????????????????????????
????????? ???????? ????? ??? ?????? ?????????? ???? ??? ????? ??? ???????? ???? ????? ??? ?????
marginal product for ???????????????????? ????????????????????????????????????????????
??? ????????????????????????? ???????????????????????????????????? ?????????? ?????????
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The Republic of Congo, Jordan, and Jamaica are notable in th?? ??????????????? ????????????
??????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????
??? ?????????? ???? ???? ???????? ???? ???????? ??? ?????????? ??????? ???? ??? ?????? ??? ?????????
??? ??????????? ??????? ????? ???? ???????????? ?????????? ??? ??? ????????? ????? ??? ????
????????????????????????????????????????????????????????????????????????????????????????
due to misreporting or to the illicit diversion of the funds intended for schooling to other 
?????? ???????? ????????? ???????????? ??? ????? ???? ?????????? ???????? ??? ?????? ???????????
countries is less productive per dollar expended than average for countries with similar 
??????????????????????????????????????????????
As there may be data issues with the marginal product for any one country, particularly 
in poor countries, the important implication from these estimates is the pattern of the 
???????????????????????????????????????????????????????????????????????????????????????????
????????? ??????????????????????? ????? ?? ???????????????????? ???? ? ???? ????????????????
???????????????????????????????????????????? ????????????????????????????????????????????
???? ????????????????????? ???????????????????????? ??????????? ???????? ?????????????





??????? ??????????????????????????????????????????????????marginal rates, which are different 
than average?????????????????????????????????????????????????????????????????????????
historic investment in schooling and the share of national income currently accruing 
??????????????????????????????????????? ???????????????????????? incremental investment 
???????????? ???????????????? ???????????? ????????? ???????? ??? ??????????? ??? ???? ????
factor of production, the average national rates of return are considerably higher than 
???? ???????????????????????????????????????????????? ??????????????????????????? ????????










level of incom??? ?????? ???? ??????? ??? ???? ??????????? ??????? ????? ???? ?????? ?? ??? ????
????????? ??????????????????????????????????????????????????????????????????????????????
schooling on national income in countries with a relatively low level of schooling is very 
???????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????
The policy implications are a bit different for countries that already have high average 
???????????????????????????????????????????????????????????????????????????????????????????
??????? ????? ????????????? ???????? ??? ????????? ????????? ??? ????????????? ???????? ??? ????
weighted average of the marginal products of all types of schooling, by implication the 
??????????????????????????????????????????????????????????????????????????? ?????????????
?????????????????????
If the public objective is solely maximization of national income, public investment in 
schooling should be reallocated to those types of schooling with a higher marginal 
????????????????????????????????? ????? ????????????????????? ???????????????????????????
particular types of schooling within the country is the direct return to the schooled 
??????????????????????? ???????? ????????????? ???????????????? ??? ?????????????????? ?????
dilemma, the best approach available to governments to optimize public investment 
in schooling may be to redirect public funds to those types of schooling whose direct 
marginal product is greatest and assume that these investments also have the highest 
????????? ????????????????????????????????????????????????????????
??????????
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The effect of schooling on national income has been estimated using many different 
??????????????????????????????????????????????????????????????????????????????????








Values and Implied Values of ? and ? in Cross-Country Studies
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Krueger and Lindahl 
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rate, g is the rate of technological progress, d is the rate of depreciation, Y is national income, and L is 
either the number of workers or adults. Attainment is average years of schooling in the adult population. 
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Cumulative Investment in Schooling vs. Average Schooling Attainment in 1990
